Abstract-Acute energy crisis and the fast depletion of fossil fuel reserves globally has aroused the research interest of scientists all over the world to find out sustainable technologies for biofuel production. Although in the modern era several biofuels such as bioethanol, biodiesel, etc. exists, however, the research focus is shifting towards biobutanol because of its astonishing potential for replacing gasoline as a solo fuel in gasoline internal combustion engines without revamping them, and hence it has got the synonym as biogasoline. Moreover, biobutanol is superior to bioethanol in terms of energy content, moisture affinity and blending capacities. Biobutanol is produced from lignocellulosic biomasses which are not only renewable but also abundantly found either at a cheaper price or even free. Most importantly these biomasses do not compete with food crop biomasses. Biobutanol production is essentially based on anaerobic (ABE) fermentation of lignocellulosic biomasses by solventogenic Clostridium acetobutylicum bacteria. This article will represent a brief review on biobutanol production from lignocellulosic biomasses by ABE (acetone-butanol-ethanol) fermentation process.
I. INTRODUCTION
Brisk technological advancement globally has raised the demand of conventional fuels like never before. Although they have the pros of being major energy suppliers, globally about 85% of total energy demand is quenched by conventional fuels but are not totally free from certain cons namely (1) quantitative limitation of their sources and hence they are going to be exhausted in coming years, (2) devastating environmental impacts due to extensive usage. These two limitations have provoked scientists to look for sustainable technologies to replace conventional fuels with renewable and eco-friendly energy sources, in the course of which biomass-derived energy appeared as the most attractive options available [1] . Schematic representation of biofuel production from biomass is given in Fig. 1 . Now-a-days there are several buzzwords floating in the biofuel research field such as biodiesel, bioethanol and biobutanol. However, the later one is gaining much attention in the course of time because its' superior potential of catering the needs as an excellent sustainable biofuel as well as an important industrial solvent cum precursor. Some of the industrial applications of butanol are described below. Butanol is used as a:  Solvent for rubber production, quick-drying lacquer to exhibit an excellent surface finish and in dye industry such as printing ink industry.  Extractant in pharmaceuticals for drugs, natural substrates like antibiotics, hormones and vitamins etc.  Supplement in polishes and cleaners used for domestic as well as industrial cleansing.  De-icing fluid in textile industry for solubilization and also for gasoline in cold countries.  Eluent in thin layer and paper chromatography.  Precursor for the production of acrylic esters, glycol ethers, butyl acetate, butyl amines. Apart from the above striking industrial applications butanol has been proved to be an excellent biofuel, since it can be directly used in gasoline driven engines without modifying them, moreover it has superiority in terms of energy density and heat of vaporization over ethanol in order to qualify as an excellent biofuel [3] . Table I describes different fuel properties of gasoline, butanol, ethanol and methanol. Biobutanol production is essentially based on fermentation process by solventogenic Clostridium sp. bacteria (Weizmann organism) since they possesses the ability to utilize simple and complex sugars, like pentose, hexose, etc. Moreover to make the production process economical extracted sugars from pretreatment of lignocellulosic biomass are used as substrates for fermentation. The solventogenic fermentation process is often limited by certain factors namely substrate inhibition, butanol toxicity in the medium, slow growth, and hence, lower cell density. Apart from these limitations, biobutanol yield is also gets reduced because of production of other end products such as acetone and ethanol. To tackle these problems researchers have developed microbial strains capable with improved biobutanol yield and tolerance by genetic engineering.
Feedstock or raw materials are one of the most vital components for fermentation process. During Weizmann process (for ABE fermentation) era, corn was used as primary substrate. On the contrary, molasses was used as the substrate for industrial scale ABE fermentation, where C. acetobutylicum was used as the agent for fermentation process in both the cases. Literature shows that several starchy substrates such as sweet potato, cassava, wheat starch, potato waste and low grade potatoes, food industry wastes such as cheese whey, apple pomace, palm oil mill effluent, soy molasses, etc. have been used as raw materials for ABE fermentation [5] . However, raw material cost has a direct impact on the economy of the butanol production process. Hence, the option for raw material choice was shifted to lignocellulosic biomasses such as agricultural residues like rice straw, wheat straw, corn stover, waste wood, etc. Depending upon the usage of raw materials, biobutanol is also classified in to different generations. The title of this paper says second generation biofuel, which signifies non-food biomasses such as lignocellulosic biomasses are used for fermentation process.
II. A COMPENDIUM OF BIOBUTANOL PRODUCTION FROM BIOMASS
Synergistic action of solventogenic Clostridium sp. and biocatalysts (enzymes) upon biomass during the course of ABE fermentation process leads to production of some of the most notable solvents and biofuels namely acetone, butanol and ethanol. The entire course of biofuel production has been represented in a schematic flow diagram in Fig. 1 . As we have already mentioned that biofuel research has gained pace in the search of an economical, renewable fuel source which will answer to gradual depletion of fossil fuels and their adverse environmental impacts [2] . However, biofuels also come up with benefits and limitations in terms of their environmental and economic impacts. These facts are summarized in Table  II. In the course of biofuel especially biobutanol production, the most striking and important step is separation process. This step is crucial because not only it saves resources and time by recovering products in time but also increases yield by reducing the chances of solvent toxicity towards microbes. Now-a-days several separation techniques such as adsorption, gas stripping, liquid-liquid extraction (LLE), perstraction, pervaporation, and reverse osmosis (RO) are in use especially for butanol recovery from fermentation broth. Table III embodies a collection of biobutanol production from different substrates [6] . 
III. BIOMASS FOR BIOBUTANOL PRODUCTION
Presently the biomass derived energy supply (approximately 50 EJ) contributes to only 10% of global annual energy needs and the values are rising each day. It is estimated that by 2050 biomass derived energy supply will contribute to about 1500 EJ of energy supply. Biofuels including biobutanol are categorized in to different generations depending upon the biomass used. First, second and third generation biobutanol are produced from food crops, non-food crops and microalgae etc respectively [1] , [3] . Principal characteristic features of globally available different biomasses for biobutanol production are mentioned in Table  IV .
First generation biomasses are edible feedstocks like sugarcane, wheat and corn which inherently have high sugar/starch content. Although the surplus part of these biomasses is utilized for biofuel production but with an increase in biofuel demand, threat towards food scarcity will arise. Biodiesel and bioethanol are some of the outcomes of these biomasses. Second-generation feedstocks comprises of lignocellulosic biomass and crop waste residues from agricultural and forestry activities, which usually have associated disposal problem [7] .
Usage of these biomasses came in to action because of the exponential increase in renewable energy demand. Biobutanol is one of the primary outputs of these biomasses. Photosynthetic bacteria and algae are considered as third-generation biomasses. These are used because of their high oil/lipid, carbohydrate, or protein contents. They have the advantage over other two categories of biomasses since these do not need any cultivable land and assorted farming inputs, more over they have high lipid content approximately 20-40% of their dry weight. Currently technological immaturity is the primary constraint in biofuel production from this group of biomass, but it is expected that it will be a main stream process in upcoming years [1] . 
IV. MICROBES FOR BIOBUTANOL PRODUCTION
Solventogenic bacteria Clostridium sp. is the causative organism behind biobutanol production via ABE fermentation process. Genus Clostridia embodies a wide variety of biobutanol producing bacteria out of them, C. acetobutylicum, C. beijerinckii, C. saccaroperbutylacetonicum, and C. saccharoacetobutylicum have exhibited capability for butanol synthesis accompanied by higher yields. The Weizmann organism C. acetobutylicum, which has typical bacterial characteristics such as being bacillus, sporulating, gram-positive and strictly anaerobe, was the only bacterium employed in industrial fermentation for production of acetone and butanol during last century. However, with the advancement of technologies like DNA fingerprinting and RNA sequencing, the butanol producing capability of some other bacteria from Clostridium genus were also unveiled. These bacteria are C. beijerinckii, C. saccharoperbutylacetonicum and C. saccharobutylicum. However the bacterial strain selection is not absolutely random rather is based upon certain factors such as type of biomass, productivity target, nutrient requirement, product toxicity tolerance, and resistance from bacteriophage [3] . The capabilities in terms of product toxicity tolerance and yield of these microbes have been enhanced by mutagenesis. Mutagenesis can be brought by physical as well as chemical means like exposure to radiations, acclimatization of microbes with certain chemicals respectively. UV exposure, butanol, N-methyl-N-nitro-N-nitrosoguanidine (MNNG) and ethyl methane sulphonate are some of the notable mutagens for enhancing the capabilities of Clostridium sp. [8] , [9] . Table V enlists mutagenesis process implemented upon microbes and their results.
V. ABE FERMENTATION PROCESS
In the fermentation industry ABE fermentation holds the distinction of being second largest process next to ethanol fermentation. However in ABE fermentation process, instead of just one, three different products are produced which makes it more attractive as compared to others in terms of different product yield. Like other fermentation processes, ABE fermentation is also distinguished in to 3 different types namely batch, fed-batch and continuous mode of fermentation process. Again in continuous mode of fermentation, three different strategies namely free cell, immobilized cell, and cell recycles are also employed [3] .
Metabolic activities of microbes play the decisive role in the fermentation process. ABE fermentation process is biphasic in nature containing both acidogenesis and solventogenesis phases. Fig. 2 represents metabolic pathway of ABE fermentation process and its components i.e. enzymes and products. The metabolic pathways in some of the Clostridium sp. are all alike such as those of C. acetobutylicum and C. beijerinckii are alike. Butanol, acetone, ethanol, acetic acid, butyric acid, CO 2 , and H 2 are the end products from metabolic pathway of Clostridium sp. during ABE fermentation process [10] .
VI. RECOVERY OF BIOBUTANOL FROM FERMENTATION BROTH
This is the most expensive part of biobutanol fermentation process, hence is a decisive factor for production. Several recovery techniques are in action today starting from age old distillation technology, adsorption, liquid-liquid extraction, gas stripping and membrane based methods like reverse osmosis, perstraction, pervaporation, etc. Amidst the existence of all these techniques, still there is no clear answer about which technique is the best [4] , [11] . A brief summary of above techniques is portrayed in Table VI. 
VII. CONCLUSION
Biobutanol, in recent years, is being considered as one of the most potent alternatives to conventional gasoline. Sustainable production of butanol using biomass as raw material has considerably lesser carbon foot print on the environment. Considering renewable nature of biomass, biobutanol is a lucrative biofuel which has all the properties of future alternative fuel. However, the upstream and downstream technologies like highly efficient microbial consortium and efficient recovery technologies, respectively, need to be improvised so as to make biobutanol a truly global fuel of the future. 
